We show that Barkhausen noise in two-dimensional disordered ferromagnets with extended domain walls is characterized by the avalanche size exponent s ϭ1.54 at low disorder. With increasing disorder the characteristic domain size is reduced relative to the system size due to nucleation of new domains and a dynamic phase transition occurs to the scaling behavior with s ϭ1.30. The exponents decrease at finite driving rate. The results agree with recently observed behavior in amorphous Metglas and Fe-Co-B ribbons when the applied anisotropic stress is varied.
Barkhausen noise measured in disordered ferromagnets at low temperatures under the condition of slow driving by an external field through the hysteresis loop exhibits scaling behavior without tuning of any parameter ͓1-7͔. The scaling properties of Barkhausen avalanches obtained in various alloys can be grouped in three distinct universality classes differentiated by the value of the avalanche size exponent as ͓8͔ s Ϸ1.3, s Ϸ1.5, and s Ϸ1.7. However, the origin of the scaling of Barkhausen noise ͑BN͒ and the occurrence of different universality classes is still not fully understood.
The above-mentioned measurements ͓1-7͔ are done mostly on thin ribbon samples ͑thickness dϽ200 m). The variety of measured scaling exponents can be attributed to the differences in the applied driving conditions and to the diversity of domain structures occurring in different samples. It was found that the exponents decrease continuously with increasing driving rate ͓2,5,6͔. The structure of domains in commercial alloys has been studied by a variety of techniques ͑see, for instance, ͓9͔͒. In thin ribbons of the amorphous Metglas Fe-B-Si ͓1,7,9͔ and Fe-Co-B alloys ͓5,6͔, which are annealed in a parallel field ͓9͔ or under an applied anisotropic stress ͓6,7͔, a structure with few domains occurs with 180°domain walls parallel to the anisotropy axis. The demagnetizing fields, which depend on the form of the sample, and the range of interactions play an important role for the equilibrium domain structure as well as for the domain-wall dynamics ͓3,5͔. It has been demonstrated that the domain structure in the amorphous Metglass ͓7͔ and FeCo-B alloys ͓6͔ can be controlled by varying tensile stress and that short-range interactions dominate over dipolar forces ͓6͔. In addition, in these systems the demagnetizing fields are minimized with longitudinal anisotropy ͓9͔. Hence, in our study we can neglect dipolar forces, but we take into account the existence of domain walls. Numerical studies of BN using short-range Ising models with various types of disorder ͓10-12͔ ͑see also ͓13͔ for a more realistic type of interactions͒ usually start from a uniform ground state and nucleate a random pattern of clusters of reversed spins by increasing the external field, thus neglecting the preexisting domain structure.
In this paper we simulate Barkhausen avalanches using a model with preexisting extended domain walls which are confined in two dimensions, motivated by the stress-induced anisotropy in realistic systems ͓6,7͔. Increasing the external magnetic field the domain wall may either move through a random medium or new domains may nucleate when this is energetically favorable ͓14͔. It has been suggested recently that interface depinning in a random medium is responsible for the scaling behavior of BN ͓3,5,7͔; however, models of an elastic interface yield scaling exponents that are lower than the measured ones ͓3,7͔. In this work we use a ferromagnetic model with short-range interactions and a randomfield pinning and we show that the results compare well with two universality classes of measured scaling exponents. In addition, a dynamic phase transition between these two scaling behaviors appears when the strength of disorder ͑or size of the domains͒ is tuned. It has been recognized recently that disorder effects are enhanced leading to smaller domain sizes by decreasing either tensile stress ͓6,7͔ or grain sizes ͓13͔. Motivated by these suggestions, here we study the influence of disorder on the scaling properties of Barkhausen noise. We expect that the results are relevant to realistic samples in which the domain size exceeds the sample thickness.
We consider an Ising model on a square lattice of size LϫL assuming that local random fields h i are generated by coarse-graining from an original disorder ͓14͔ in the presence of the external magnetic field H:
Here we set J i, j ϭ1 to be a constant interaction between nearest-neighbor spins S i ϭϮ1. Hence, all fields and energies are measured in units of J i, j . A Gaussian distribution of h i is assumed with zero mean and width f. We create an initial domain wall in the ͗11͘ direction by a rotation of the lattice by /4 and setting all spins except those in the first row opposite to the external field ͓15͔. Periodic boundaries in the direction of the interface and fixed boundaries in the perpendicular direction are applied. to the minimum local field ͑infinitely slow driving͒, thus the driving field is uniform in space but fluctuates in time. We also briefly discuss the effects of finite driving rates. It should be stressed that at each time step we update all spins, which is suitable for a globally driven magnetic system. In this way new domains are nucleated when it is energetically allowed, in contrast to models of driven interfaces, where an update is restricted only to the sites located next to the interface, resulting in ''percolation'' growth even at high disorder ͓16͔. Another important feature of our model is the anisotropy ͓17͔ due to the initial conditions: the threshold driving forces in the parallel and perpendicular directions appear to be different. This model has the following advantages: ͑1͒ In the limit of vanishing disorder the ͗11͘ interface can be moved by an infinitesimally small field. This bypasses the problem of threshold energy 2J, which occurs in a ͗10͘ interface ͓16͔ implying that a large lattice size have to be used in order to find a spin with a random field large enough to surmount the energy barrier. Therefore, here we can apply smaller lattice sizes and vary disorder configurations ͑we use up to 2ϫ10 3 configurations and up to Lϭ400). ͑2͒ The ͗11͘ interface depins at infinitesimally small field at low disorder f →0. Hence, an upper limit of disorder f Ã exists at which depinning is no longer possible, and nucleation of new domains in the interior becomes favorable at large enough fields. This feature comprises an important difference compared to the model of Ref. ͓10͔, where nucleation of a single spanning cluster at f →0 requires energy threshold 4J, and thus becomes obscured by finite lattice size and large fields. Figure 1 shows snapshots of simulated systems for high and low disorder. For low disorder only domain wall motion occurs. For values of f that exceed a certain critical value f Ã ͑determined below͒, domains nucleate inside the system, thus leading to the same structure of clusters as in systems without an initial domain wall ͓12,19͔. These two regions are shown in the phase diagram in Fig. 2 together with simulation results for the coercive fields H 0 ( f ) of the hysteresis and the critical fields H c ( f ) of the depinning transition ͑ex-plained below͒.
We apply the quasistatic driving described above ͑an example of time series of field increments is given in the inset to Fig. 2͒ and monitor the motion of domain walls. The number of flipped spins s between two consecutive locally stable configurations of the wall determines the size of Barkhausen avalanche. The avalanche size distribution D(s, f ) is shown in Fig. 3 for various values of disorder f. Taking the avalanche statistics along the ascending part of the hysteresis loop ͑until eventually depinning occurs͒ and averaging over many disorder configurations we find the slopes according to D(s)ϳs Ϫ s as s ϭ1.54 for f р0.6, and s ϭ1.30 above f Ã Ϸ0.6. The cutoff also decreases with f. A similar behavior was found experimentally in Metglas 2605TCA in Ref. ͓7͔ . With the stress varying in the range from 0-525 MPa the slopes of the size distributions are reported to vary from 1.29 to 1.60, and the cutoffs increase ͓7͔. In Fe 64 Co 21 B 15 the measured slope was 1.28 ͓6͔ for up to 140 MPa. The applied anisotropic stress stretches the domain walls, thus for the degree of disorder f we have f ϳ1/ x . We also measure the distributions of the linear extensions of avalanches in the directions parallel ͑w͒ and perpendicular ͑h͒ to the wall leading to the anisotropy exponent ϵ( w Ϫ1)/( h Ϫ1)ϭ0.92. ͑See Table I .͒ In the low disorder region the domain wall depins when the driving field exceeds a critical value H c ( f ). To investigate the depinning transition we start with a flat wall and apply a constant field H measuring the long-time limit of the FIG. 1. Emerging cluster structure of flipped ͑bright͒ and unflipped ͑dark͒ spins, and the most recent cluster ͑gray͒, illustrating self-affine growth at low disorder ͑a͒, and nucleation and blocking by previous clusters at high disorder ͑b͒. Lϭ200. 
as N(t)ϳt
, with ϭD/zϪ1 ϭ0.51, compared with 0.58 in ͓21͔. The value for the exponent compares well with one in ͓16,18͔. For the ͑local͒ roughness exponent values in the literature ranging from 0.5 to 1.23 can be attributed to the influence of the anisotropy ͓17͔, elasticity of the interface ͓22͔, distribution of disorder ͓15,16͔, and driving conditions ͓20,23͔. Further analysis, e.g., by the dynamic renormalization group, is necessary in order to determine if the value ϭ0.92 found in this work represents a new universal behavior or a crossover due to finite size effects. This value suggests closeness to the class of models with vanishing interface velocity ͓18͔ and selforganized depinning ͓23͔. At low disorder lateral motion of the interface makes it possible to overcome strong pinning centers and to maintain the self-affine growth ͑see Fig. 1͒ . However, at the transition we find ϵ2(1Ϫ)Ϫ␤ ϭϪ0.23, thus e f f →0 resulting in a different critical behavior compared to the case e f f →ϱ studied in Refs. ͓17,18͔.
In order to determine the largest disorder where depinning is still possible, f Ã , we can formally extend the above study of the domain wall velocity now averaged over hysteresis loop and disorder ͓͗v͔͘, and the corresponding susceptibility. Applying then Eq. ͑2͒ with Xϵ( f Ϫ f Ã )/ f Ã ͑scaling collapse is shown in the inset to Fig. 3͒ we find f Ã ϭ0.61 Ϯ0.02 and the exponents ␤, ␥, and shown in Table I , right side.
In the region of high disorder f Ͼ f Ã nucleation of new domains of finite size which are blocking each other's spatial extent becomes the dominant feature that determines the scaling properties of BN ͓see Table I ͑right͔͒. The section of power-law behavior of the distribution of avalanches increases with decreasing f, in qualitative agreement with in- creasing stress in experiments ͓6,7͔. In the inset to Fig. 4 the 
